A Gram-negative, rod-shaped, deep yellow-pigmented bacterium, designated strain CS5-B1 T , was isolated from a soil sample collected from a cliff on Mara Island, south-west of Jeju, Republic of Korea. Comparative 16S rRNA gene sequence analysis showed that strain CS5-B1
, was isolated from a soil sample collected from a cliff on Mara Island, south-west of Jeju, Republic of Korea. Comparative 16S rRNA gene sequence analysis showed that strain CS5-B1
T fell within the radiation of the genus Chitinophaga with the closest relative being Chitinophaga japonensis IFO 16041 T (97.2 % sequence similarity). Levels of 16S rRNA gene sequence similarity between strain CS5-B1 T and other species of the genus Chitinophaga were 92.9-95.8 %. The dominant menaquinone was MK-7. The polar lipids contained phosphatidylethanolamine, a ninhydrinpositive lipid and an unknown lipid. The major fatty acids were iso-C 15 : 0 , C 16 : 1 v5c, C 16 : 0 and C 18 : 0 , with iso-C 15 : 0 3-OH and iso-C 17 : 0 3-OH as the dominant hydroxy fatty acids. The G+C content of the DNA was 48.7 mol%. DNA-DNA relatedness between strain CS5-B1 T and C.
japonensis DSM 13484 T was 5.8-7.9 %. On the basis of the phenotypic and DNA-DNA hybridization data, this bacterium represents a novel species of the genus Chitinophaga, for which the name Chitinophaga rupis sp. nov. is proposed. The type strain is CS5-B1 T (5KCTC
The genus Chitinophaga was first proposed by Sangkhobol & Skerman (1981) to encompass filamentous, chitinolytic, gliding bacteria and, at that time, the only known species was the type species, Chitinophaga pinensis. In 2006, some species of the genus Flexibacter (i.e., Flexibacter filiformis, F. sancti and F. japonensis) and Cytophaga arvensicola were reclassified as members of the genus Chitinophaga, and another species, Chitinophaga skermanii, was described (Kämpfer et al., 2006) . Subsequently, the genus Chitinophaga has been expanded with further novel species, including Chitinophaga ginsengisegetis, Chitinophaga ginsengisoli (Lee et al., 2007) and Chitinophaga terrae (Kim & Jung, 2007) .
Strain CS5-B1 T was isolated from a soil sample collected from a cliff on Mara Island, south-west of Jeju, Republic of Korea. For bacterial isolation, a soil sample (1 g) was suspended in 10 ml distilled water and serial dilutions were spread on starch-casein agar (1 % soluble starch, 0.03 % casein, 0.2 % KNO 3 , 0.2 % NaCl, 0.2 % KH 2 PO 4 , 0.002 % CaCO 3 , 0.005 % MgSO 4 . 7H 2 O, 0.001 % FeSO 4 . 7H 2 O, 1.8 % agar; pH 7.2). Inoculated plates were incubated at 30 u C for 7 days. The isolate was preserved in a 20 % (v/v) glycerol suspension at 270 u C.
Growth on various culture media was tested with yeast extract-malt extract agar, trypticase soy agar (TSA; Difco) and nutrient agar (NA; Difco). Colonial properties were observed and recorded on TSA for 5 days at 30 u C. The temperature range for growth was determined on NA at 4, 10, 20, 30, 37 and 42 u C. The range of pH for growth was determined at pH 4.1-12.1, with intervals of 1 pH unit. Tolerance to NaCl for growth was investigated on NA supplemented with 1-9 % (w/v) NaCl. Decomposition tests were performed on basal medium supplemented with skimmed milk (1 %, w/v), CM-cellulose (0.5 %, w/v) and chitin (0.5 %, w/v). Hydrolysis of DNA and starch was evaluated by using starch agar (Difco) and DNase test agar (Difco), respectively. Catalase and oxidase activities were determined by using 3 % (w/v) H 2 O 2 and 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine dihydrochloride, respectively. Oxidation of a broad range of substrates as sole carbon sources was tested using GN2 MicroPlates (Biolog). The cells were grown on NA for 3 days at 30 u C and suspended in distilled water. After adjustment to 20 % transmittance, cell suspension (150 ml) was transferred to each well, and the plates were incubated for 48 h at 30 u C. Other physiological and biochemical properties were tested using the API 20NE and API ZYM kits (bioMérieux) according to the manufacturer's instructions. Cell morphology and motility were observed by phase-contrast microscopy and transmission electron microscopy with cells grown on TSA for 3 days. Gliding motility was tested using the hanging-drop technique after growing the cells in 1/10 nutrient broth (Difco) for 24 h at 30 u C (Bernardet et al., 2002) . Cells of strain CS5-B1
T were aerobic, Gramnegative, non-motile rods. Gliding motility was not observed. Data on cultural, physiological and biochemical characteristics are given in the species description and Table 1. Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Lee & Lee, 2008) . The 16S rRNA gene sequence was aligned with those from the type strains of related species of the genus Chitinophaga with CLUSTAL_X (Thompson et al., 1997) . Phylogenetic analyses were performed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Fitch, 1971) and maximumparsimony (Felsenstein, 1981) algorithms. A phylogenetic tree was constructed with the neighbour-joining method using the evolutionary distance matrix generated by the model of Jukes & Cantor (1969) . Bootstrap analysis for the neighbour-joining tree was performed on the basis of 1000 resamplings (Felsenstein, 1985) .
A partial 16S rRNA gene sequence (1415 nt) of strain CS5-B1
T was compared with the corresponding sequences of members of the genus Chitinophaga and related taxa. The neighbour-joining tree ( Fig. 1) shows that strain CS5-B1 T belongs to the genus Chitinophaga and forms a tight cluster with C. japonensis IFO 16041 T (97.2 % sequence similarity). This relationship is supported by a bootstrap value of 100 % and it was also found in maximum-likelihood and maximum-parsimony trees. Levels of 16S rRNA gene sequence similarity of strain CS5-B1
T with other recognized species of the genus Chitinophaga ranged from 92.9 to 95.8 %.
Cell biomass for chemotaxonomic analyses was obtained from cultures grown in trypticase soy broth (Difco) for 3 days at 30 uC. Menaquinones were extracted according to Minnikin et al. (1984) and analysed by HPLC (Kroppenstedt, 1985) . Analysis of polar lipids was performed by TLC as described previously (Minnikin et al., 1975) . For cellular fatty acid analyses, strain CS5-B1 T and C. japonensis DSM 13484 T were grown on NA for 3 days at 30 u C. Fatty acid methyl esters were prepared, separated and identified according to the standard protocol of the Microbial Identification System (version 6; MIDI).
The major menaquinone was MK-7. The polar lipids were phosphatidylethanolamine, a ninhydrin-positive lipid and an unknown lipid. The cellular fatty acid profile of strain CS5-B1
T contained saturated, unsaturated, iso-branched and hydroxy fatty acids and was similar to those of type strains of the genus Chitinophaga by having predominant amounts of iso-C 15 : 0 (26.4 %) and C 16 : 1 v5c (14.2 %) and moderate amounts of iso-C 15 : 0 3-OH (3.0 %) and iso-C 17 : 0 3-OH (8.5 %). However, strain CS5-B1
T also contained predominant amounts of C 18 : 0 (19.9 %) and C 16 : 0 (14.0 %). The cellular fatty acid profiles of strain CS5-B1
T and type strains of the genus Chitinophaga are presented in Supplementary Table S1 (available in IJSEM Online). The G+C content of the DNA, as determined by HPLC (Mesbah et al., 1989) , was determined to be 48.7 mol%.
DNA-DNA hybridization experiments were performed as described by Lee & Lee (2008) . DNA-DNA relatedness between strain CS5-B1 T and C. japonensis DSM 13484 T was 5.8-7.9 %, much lower than the recommended 70 % value used as the main criterion for definition of a bacterial species (Wayne et al., 1987) . Strain CS5-B1 T was readily distinguishable from C. japonensis DSM 13484
T by some physiological properties (i.e., gliding motility, oxidase and catalase activities, NaCl tolerance, growth temperature, starch hydrolysis, assimilation of N-acetylglucosamine and nitrate reduction). Differential characteristics of strain CS5-B1
T and other type strains of the genus Chitinophaga are given in Table 1 .
On the basis of the phenotypic features and DNA-DNA relatedness value presented in the study, strain CS5-B1 T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga rupis sp. nov. is proposed.
Description of Chitinophaga rupis sp. nov.
Chitinophaga rupis (ru9pis. L. fem. gen. n. rupis of a cliff, the location where the type strain was isolated.) Cells are Gram-negative, aerobic, catalase-and oxidasenegative, non-motile rods (0.5-0.660.9-2.0 mm). Colonies are circular, convex and sticky and deep yellow in colour.
Growth occurs at 20-37 u C, at pH 5.1-10.1 and with 1 % (w/v) NaCl. Growth does not occur at 10 or 42 u C, at pH 4.1 or 11.1 or with 2 % (w/v) NaCl. Casein, DNA and starch are hydrolysed, but CM-cellulose and chitin are not. With the API ZYM system, alkaline phosphatase, leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase, b-glucuronidase, Nacetyl-b-glucosamidase, a-mannosidase and a-fucosidase are positive or weakly positive but esterase (C4), esterase lipase (C8), lipase (C14), a-chymotrypsin and b-glucosidase are negative. With the API 20NE system, indole production, aesculin degradation and b-galactosidase are positive but glucose fermentation, arginine dihydrolase, urease and utilization of D-mannitol oglutamic acid, D-serine, L-serine, L-threonine, DL-carnitine, c-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, a-DL-glycerol phosphate and D-glucose 6-phosphate (tested with the Biolog GN2 system). The major menaquinone is MK-7. Phosphatidylethanolamine, a ninhydrin-positive lipid and an unknown lipid are found as polar lipids. The major fatty acids are iso-C 15 : 0 , C 18 : 0 , C 16 : 1 v5c and C 16 : 0 , with moderate amounts of iso-C 17 : 0 3-OH and iso-C 15 : 0 3-OH.
The type strain, CS5-B1 T (5KCTC 22170 T 5DSM 21039 T ), was isolated from a soil sample collected from a cliff on Mara Island, south-west of Jeju, Republic of Korea. The DNA G+C content of the type strain is 48.7 mol%.
